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Abstract 
This paper is a brief discussion of some common mistakes made in the preparation of feasibility studies in the phosphate industry. The 
main emphasis will be on grassroots projects, which start with an ore deposit. The topics will include: 
• Inadequate Prospect Data 
• Insufficient Test Work 
• Improper Sample Handling 
• Unrealistic Project Schedule 
• Understating Infrastructure Requirements  
• Estimating Errors 
• Overly Optimistic Economics 
• Essential Elements in a Well-Run Project 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Selection and /or 
peer-review under responsibility of the scientific committee of SYMPHOS 2011. 
1. Inadequate prospect data 
1.1 Poor Sample Selection  
We have encountered sampling programs where low cost was considered to be more important than representative 
sampling.  In these programs, channel samples from outcropped ore were favored over core drilling of all the prospect area 
and drill sites adjacent to existing roads were favored over drill sites distributed over the ore deposit. Unfortunately, these 
samples do not represent the entire orebody.  Conclusions based on the evaluation of such samples are usually invalid and 
may lead to poor economic decisions.  
1.2 Insufficient Sample Points  
We have worked on several projects over the years, where samples were difficult to obtain, and there were simply not 
enough sample points to define the orebody. Understanding the variability of the orebody is crucial to properly designing a 
process and estimating capital and operating costs. In one case a previous consultant had developed their own geostatistics 
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in an attempt to hide the lack of data. This problem is most critical when evaluating an orebody in a district which has not 
been mined before. Obviously in intensely mined areas such as Central Florida and Khouribga, there is enough known about 
the general characteristics of the geology of the region, so that this is much less of a problem. 
2. Insufficient test work 
2.1 Employing only Bench Testing for a Deposit in a New Mining District  
Bench testing is important to establish the basic flowsheet requirements and examine ore variability, but continuous pilot 
plant testing will often identify problems that may not be recognized from bench testing. The ability to make size 
separations in hydrocyclones and hydraulic sizers is often confounded by differences in particle specific gravity between the 
product and the gangue. The full impact of recycling of water and solids can be better determined in the pilot plant, although 
locked cycle testing can give a good indication for the flotation plant. Flotation kinetics and large particle flotation are more 
accurately scaled up from the continuous pilot plant. The overall performance of multi-stage flotation is better approximated 
in the continuous pilot plant. 
Preparation of bench scale samples and sampling error can also lead to erroneous conclusions. 
2.2 Testing a Non-representative Sample  
Using an easy to obtain outcrop sample that is not representative of the entire orebody can lead to overstating recoveries 
and making poor equipment selections. 
2.3 Assuming Feedstocks from Different Sources will Behave the Same Way  
We have had projects where a process had worked well with a given feedstock, and rather than test it on the feedstock for 
the new location, the client assumed that the process was sufficiently robust to handle the new feedstock. In one case, the 
client made this particular assumption, which resulted in an inoperable facility. 
3. Improper sample handling 
3.1 Improper Drilling Method 
Using ore samples taken by reverse circulation or auger drilling can alter the sample. This can mask the effectiveness of 
potential beneficiation techniques, such as scalping oversize gangue. In one instance, the use of this type of drilling altered 
the samples to the extent that the cemented layers were not identified. This led to the selection of mining equipment, which 
could not handle the cemented layer, and also overstated the recoverable reserve.  The project was cancelled during the 
construction phase. 
3.2 Feed Aging 
Over the years, we have encountered many examples of feed aging where large batches of flotation feed were prepared in 
advance of a bench program. In the case of programs that were executed over a long period of time, the surface character of 
the feed particles was altered.  The surfaces of particles may be altered by surface oxidation, clays drying on the surface of 
the larger particles, or by water chemistry. In either case, the flotation results were biased over time. We have made it a 
practice to maintain the feed samples in such a way as to prevent these problems. Where possible, we maintain the samples 
as ore and prepare small batches as required. 
3.3 Testing Clay samples after long periods in storage 
A sample of dispersed clay, which is stored over time, will change in character. There is one instance where a sample of 
Florida waste clay was stored for 6 months in a drum, which was kept outdoors in the cold prior to consolidation testing. 
The associated test results had no meaning when compared to fresh material from an operating facility.
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3.4 Sample Contamination   
Sample contamination or alteration may occur if samples are not properly protected – airborne contamination, 
contamination from the container, and sample drying have all been observed to bias test results. 
4. Unrealistic project schedule 
4.1 Problems  
There is often a fear of commitment of funds until the last possible moment, as well as the ever-present environmental 
issues, which threaten to cancel the project. 
4.2 Result  
These forces lead the owner to delay the start of the project until the last possible moment, which causes the project to 
concurrently perform activities that should be sequential. When you hear the words “Fast Track”, you can be sure that 
elements of the project will not be performed in the proper sequence. This often leads to extensive rework.  In a properly 
sequenced project, the feasibility may be determined earlier and for less cost than for a fast track project, thus avoiding 
needless expenditure on accelerated activities for a project that ultimately proves not to be feasible. 
4.3 Solution  
Spend enough money early in the project to provide proper: 
• Ore samples –including exploration drilling and bulk samples. 
• Test program – preliminary bench testing, followed by bulk sample collection and a continuous pilot plant test using ore that is 
representative of the deposit. 
• Process Flow Diagrams (PFDs) – based on the pilot plant program and other associated testing, prepare PFDs that show all of the 
process steps and requisite equipment. This will be the basis for design work and cost estimates. 
• Capital and Operating Cost Estimates – prepare capital and operating cost estimates with sufficient accuracy for the next decision to 
be made. 
• Environmental – be sure to provide whatever is needed to keep the permitting process moving forward, and also provide feedback to 
the project on environmental issues that will affect the design and operation of the facility. 
5. Sequential project schedule 
Table  1 
ACTIVITY               
                
EXPLORATION DRILLING               
                
BENCH TESTING               
                
DRILLING (IN FILL & BULK SAMPLE)               
                
PILOT PLANT TESTS               
                
PRELIM. FEASIBILITY                
                
FLOWSHEET DEVELOPMENT               
                
CAP. & OP. COST ESTIMATES               
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6.  Understating infrastructure requirements 
6.1 Water Supply  
Availability of suitable quality water and the cost of providing it to the plant is becoming more of an issue, especially in 
remote areas where water is often a scarce and valuable resource. 
6.2 Product / Raw Material Transportation  
The cost of transportation of product and raw materials will often be the difference in whether or not the project is 
feasible. In the instance of Al Jalamid, the cost of the concentrate pipeline was prohibitive, and until the government 
provided the railroad, the project was not feasible. The cost of providing transportation to remote locations has postponed 
the development of many projects. 
6.3 Social Infrastructure  
The cost of providing housing, shops, schools, and other such facilities for employees can be significant in a remote area 
that has no such facilities. 
6.4 Ancillary Facilities  
Facilities such as fabrication shops and warehouses for materials suppliers need to be considered as a cost to the project, 
either as capital or increased supply costs.  
7.  Estimating errors 
7.1 Overstating the Accuracy of the Estimate  
Many of our clients would like to believe that a +/- 10% estimate can be produced with a minimal amount of effort. The 
graph below shows the amount of effort that Jacobs considers to be commensurate with various classes of capital estimates. 
Fig. 1 
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7.2 Cutting off the Tree Tops  
In preparing a capital estimate where multiple quotes are received for equipment, bulk materials and subcontracts, it is 
unwise to use the lowest cost for every item in the estimate. This will definitely bias the estimate low, and when the requests 
for purchase are submitted, there will inevitably be some unpleasant surprises. 
7.3 Using Outdated Prices or Factors  
The changes in materials costs and labor costs over the last several years have been uneven and unpredictable. This has 
caused equipment prices, bulk materials, and labor costs to change relative to each other. It has also caused historic 
estimating factors to become suspect. Desktop estimates using outdated information can be hazardous to the user. 
7.4 Ignoring "Fatal Flaws" 
Contingency is not a luxury item. It is put into the estimate to account for money that we know will be spent during a 
project, which is not accounted for in the estimate. There may also be unidentified hidden costs for changes required by 
permitting, design development and escalation for materials such as high alloy steel, which has often jumped in price 
between the estimate and the actual purchase in recent history. 
7.5 Biggest Mistake in Feasibility Studies  
The premature disclosure of capital costs to management before the estimate has been completed has been the most 
consistently embarrassing problem to owners and consultants performing feasibility studies. Remember, anyone at Vice 
President level or above never forgets a dollar number! 
8.  Overly optimistic economics 
8.1 The Most Important Part of Any Feasibility Study 
                ϡ.Ω.
 
8.2 Using Unrealistic Prices or Costs   
In the excitement of trying to get the project approved, there is a strong tendency to use costs and prices which favor the 
project, sometimes to an unreasonable extent. The owner and the engineer both need to protect the economic evaluation 
from these tendencies. 
8.3 Using Unrealistic Implementation Schedule and Production Rates  
Because early cashflow impacts the project much more than money spent or made in later years, there is a tendency to 
accelerate the project schedule during the economic analysis. An unrealistic schedule can produce biased project economics. 
8.4 Making a Project More Complex to Improve Economics 
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A relatively straightforward mining project that has unfavorable economics will not become favorable by adding 
phosphoric acid and granular fertilizer plants, unless there are significant synergies that can be applied to the project, such 
as the availability of cheap raw materials. 
8.5 Manipulating a Model to Force a Desired Result  
Once again, the desire to make a project viable can lead to biased results if one is not careful. 
9.  Essential elements in a well-run project 
9.1 Contract  
Verify that there is a signed agreement.  If the contract is being negotiated, determine the status and obtain a commitment 
as to schedule.  
9.2 Defined Scope of Work  
Verify that there is a written definition of the scope of  work.  If there are areas of scope which are unclear, determine 
what steps are being taken to clarify them.  
9.3 Project Procedures   
Verify that Project Procedures have been prepared. 
9.4 Budget   
Verify that a budget appropriate to the progress of the work (preliminary, budget, definitive) has been prepared and has 
the client’s approval.  
9.5 Schedule   
Verify that a master schedule has been prepared and is monitored regularly.  Also, verify that detailed schedules (design, 
purchasing, and construction) have been prepared as appropriate for the scope of work and the stage of the project.  
9.6 Staff Meetings   
Verify that the project manager holds regular (weekly or biweekly) staff meetings with all appropriate disciplines.  
9.7 Project Notes   
Verify that the project notes are written and distributed for all meetings and telephone conversations with the client or 
third parties.  Project notes should be prepared by consultant.  
9.8 Progress Reports   
Verify that a progress report is sent to the client monthly. 
9.9 Cost Forecasts  
Verify that cost forecasts are prepared monthly.  Forecasts for professional services and field labor should be based on 
the earned-progress method. 
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9.10 Trend Reports  
If a preliminary estimate has been prepared and a definitive estimate is to be prepared, verify that trend reports are being 
prepared and disseminated to the client during the interim period.  
9.11  Change Orders   
Verify that there is a change order log and procedure that the client is informed of changes before significant costs are 
incurred.  Where appropriate, the approximate value of changes should be presented to client early on before definitive costs 
are available to alert him to project growth. 
9.12  Checking 
Verify that drawings and calculations are checked by a qualified checker not involved in the original design or 
calculation. 
9.13  Other Subsequent Phases  
The overall project can be broken down into the phases listed below in this section. The concepts that are discussed in 
this paper refer to the opportunity analysis and conceptual design portions of the project.  
Opportunity Analysis:  Identify potentially beneficial business opportunity and perform initial analysis, scoping and Order 
of Magnitude Estimate to determine whether opportunity is work the further investigation. 
Conceptual Design:  Select best of identified project approaches, analyze concept(s) and prepare Study Cost Estimate, to 
confirm project viability. 
Project Definition:  Finalize technology, project objectives, process and design scope definition, major equipment pricing 
and Project Execution Plan to support a Budget Cost Estimate and funding request. 
Detailed Design / Procurement:  Manage, coordinate and perform design activities and equipment procurement necessary 
for procurement, construction, commissioning and start-up. 
Construction:  Mobilize and manage the construction forces and perform other activities including procurement necessary to 
construct the facility in accordance with the construction documents. 
Start-Up:  Perform commissioning and operating activities required to achieve design performance levels. 
